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(57) Abstract: 

PROBLEM TO BE SOLVED: To decrease mis-detection of 
timing and to reflect the timing mis- detection on 
timing control by detecting mis-detection of timing 
quickly in the orthogonal frequency division 
multiplex(OFDM) modulation/demodulation method and the 
OFDM modulation/demodulation circuit. 

SOLUTION: In the OFDM modulation method that 
generates an orthogonal frequency multiplex signal where 
a specific synchronizing signal SS is repetitively added 
to a signal part before signals that is differentially 
coded by information to be sent and information 
appearing precedingly to the information, a guard 
interval Gl is formed between the synchronizing signals 
SS appearing repetitively and a repeating period Tss for 
the synchronizing signal is selected longer than a 
"length"Tw"of"each"synchroni2ing"signaI: ~~ ~ " 
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<o m l#jd £ ntiiMi^m&m^mm^^-r z> o f d 

F DMWfe, 

&gmm -^©mpjfww^ift-r s r t *<&mt -f-3 o f 
ssb^^kw^fflx-fe -5 ^. * — v^^^iEft-r -s 

* * — h ->v^> y (Hiss t , 
* * — h ~>v**/v#*D[h1SS i: , 

iWrE*ft»^Kisift3Pai*-f--5«-«-t-tnii#*nsn«:. 
mnm y - y ^rniasg t , 

^©OF DM->yfeH;#- WuSr^JtJD 
-tZfj i/fju-T-fv ?m&m&b *t9>tftcZ.b 

rat** 4] ^m-r^mmt^^m^titcmn 
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— ^-rs^wESWUggi. 

£S5f L/df ^-Srm^-r 3 ASSESS t ,' 

10 W1EH»j^iEllI»astllAi-6Jaijfi»|fiESn*:Sfllfll 

ttriE^f — K-r V*— ^^i&*[E^i&;as|±};*^-t-;5S««-5§-£• 
;l5jg:7- y ai*lft-#-5*iS7- y ai^lHlS&i: , 

53S£4*ttlsl!g£: % 

•^T'^-^ y TW#>!r ©fH■§•^{-OV^T3ilifil6t)'tC-Bi^lK 
20 *«fit=:*aS-*-5Bf€ffl[i:0-SKSr*i{)5i:fc 1 b«2i % *r 

WIS— ife^ttJlH]Sg©AD»:^mSr ; f-fe«'*fctefili:tt:ej 

fE^iHigssry-fes' h-r5fc»oy-fes/ b^s-^-^m^-f- 

[If*il5] lf*^4rooFDM«|S0fS^^:^3V^x, 
30 a«flr-9-©«*SrW-3i-r5i3RllllSt, 

tf-srrssg 1 <o&mw-i%\£\& t . 

Sr***J|ti-*ffi4aillteA»aillII6.i, 

2 ro»ttq«&igKi: % 

t, ttriHJtisj(Hi?s<oaiAi-sy-fe-s' h{f^-<srttjfa^-i' 5 

-fa O F DM«^[5]«So 
[0 0 0 1 ] 

50 i&mom-rz&ffiftm *&wi-a. ^^/Hma 



fS-CfflV^bixSEXHlStft^S (OFDM : Orthogonal 
Frequency Division Multiplexing){||-^-£r&];8 k t"<5 fc- 
bb^mm £ tli> O F DM^SUM^O F DMr*l 

[0 0 0 2] 

[0 0 0 3] %r*<D*&— Vi/l/^/lrS SRXf'r^&T) 

*>. > K^SBTwOfiSOf^D ATA^ft: 

3&s, 1 LT 1 9 x^ftOftl 

t «?Ltf i ^^aR^fltr^Wxfc^-^ fc oi^i^ it 

X*# — b isftfsi'itfimM&ti'&o o*&, McftKDy^— 

[0 0 0 4] 5Bif«oj»»Sr<S«-t-Sfc«)fc, O 

^DATAtl^ID{f-^^t)igLmtt5o i"*t?*>, # 
-My?-^>GIi!:B, ^t<7^DATA 

— K-f ^-WG I lcSn5«^fc#-?5FS-*-S*« 

mx$z> 0 

y b^Wb*:OFDMf§-S-Sr^J*i-SfcK>^. OFD 

tf/u^y ESS, hS/^#/uf«iO0i&, ®^-y 

^-T-#-ni^SHll!S3SSK**6>ix5o 
[0 0 0 6] H8<oj: 5*OFDMfS#Sr1SSHi"afc«> 
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[0007] r^«^ra»ia»oftfrw*«fi8i:»f^tc 

o^tW\ Wxitf. 3cftU r^W, jffi^K »58k 

"Mmmmh ANfflo f dmsw#sm>hjhs!ic 

BB-TStt^r , RCS97-210J 
gfc 2 TT. M. Schmid and D. C. Cox, "Low— Overhead, Low 
— Complexity [Burst] Synchronization for OFD 
M" , ICC'96,pp. 1301-1306J fcl*$;ft,T1^5o 

[0008] m9<Dmm]B}m^ mmmmxm&mmm 

iEffiffifli»"T?sm«-s-s:4iiE-ra 0 ^^MiEiHiKT-tt 
^ v^^s<5^r, if— y^-A>G i 

£;£thtz.'&, 7—V^&t& (F F TXttDFT) ElEgi- 

[0009] 7— y^iftiiiK^fotBASixagf&fs-g- 
20 £ D ttx, IS0SnEO3IS*»6>ix*:«*i:, gBflCQ^ 
[0 0 10] 

<OOFDM«WHiia^*5V^tt, ^^J:<9g{f«^^ 
— * h7*--7y h05feSB^*fcD igbSttS^^ — h V 

[0011] r<^St»fc It, s<—^ h7^-7y h — 

<D^-~—? K (uw) of+*D^s#x.e>*tSds. 
bttJCStr-/ hfc Lrea6«b*«r(6T**»o fl& 
(CCRC (Cyclic Redundancy Check) <D&Ri SrSffft t 

40 [0 0 12]*^!^ OFDMr«WSMOFD 

**< lt^^ 5 ^^wwicRifcprsBic-ra its 

[0 0 13] 
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[0 0 14] B8l^ti 7. Y-7*—i--y Y<H> 

h<D9iM<D^^—V~y^^v mmmts^) s 

S (Dm <0 M LfflW-CfcS * -r > K * «HHJT w — 

hv-^i-s s Sr&m-t-s r. 2 
o©^{f « 4§-©|HJ©« BBfle#* # V K fi, J§J£ £ tt 
fc5tefr SOm £> %m<n> * 9 — h s s * 

[0 0 15] ti5^ @8t,Tt^-^h7*-^j; 
KOO F DM{|f©^|;tt > K-T ✓VWG I 

t ^flVifSt < "7— 9 D A T A t -vmifc £ ti 5 ffi^c js V ■> 

>^/cffr-^£ < , 13— hV y^-^/UG I t -?:*U-iK< 
7^— ^DATAi ri^tt-S^Y 5 ^^in&^-ct), 
yh'U^^Twt -ft 5 tP^l^f 1 5 2 oOSftff 

[0 0 16] §i**Ii£>3§sm-:i3^TH:, 

z>mmmts%r (ss) cosm^ #-m^-^gi 

jW/Hlf £ (Tw) J; i? 1>*#<&i9, «*.tfBl2 

l-^-f-<t 5^7*— h X-O F DMff -5§-^i£{f $ *!, 
5 0 §{f{S!|-C-rcoj; 5^0FDM{f-§-$rSff LT«ira-r 

fc^tKfc*,, Z.<Dm&, U — — ■'VVG It-? - 

W'lE<f-^DATAi#SJl5^^5V^m IS] 

(T w) . .#«B8tS .«r*W.ir.« 

(DmmmmTsstm^^tc^ #-m>^-a>g i 

[0017] ^oT. 13 ~ >#—s</UG I St^X — 
9 D A T A £ ISlJffiMf #<£>tt:b t) l^c TMffi-f--5fll¥ 

»*3S2r±» •ej§-r-<#iti8t^^ttr 
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[0 0 18] OFDMm-S-i-»2VM^iS*O^Ji5# 
&£#JfflLTOFDMm^ 5 ei££;ft/c#-$-{£tt, IllflB 

io [o o i 9] it*ri2(cio^rtt, m%z<oy-7**v T 

[0020] tf^ristt, mm-r^mnttiiaim^ 
m.tifrffimkxmmw^itzft±m^-<Dm\z.!&fe<DmM 

ft:-f-Siiaft«F^fl:lHi»t» iKriaS6IM9*ft:lHlBS^ffl*-*- 

5 ^. ^ — h -»-^/vSrgee-rs ^. ^ — h V^5}?/v#*PIeI 

$ n/ctfiiE^ 9 — h v^^^K^ft-e-Sr® 7 — y ^.^ 
30 *-fsis»ai5jS7— y^mmsst, mzzmmm?— y ^ 

^ifcCOStffE^.^— h i/>tfjUcDffl%.T$&* <DO F DM-> 

[0021] bv'^jK/i'^^ey igsgtt^^— 
js»;aj« 7— y aiae*iinsf4*»ffiF*fbig!Sasm*-t-5flr 

fc #*P ^ HfcSfltE^. ^ - h '>V^Sri£iS3g 7— y ^ 
50 [0O22] #-K^ v*— '</W<tanEli&:WMk 0 iS L^. 
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com*) ilLJlfflSr#*0^.^— h->ya?;KOSJ J; K> 1> 
[002 3] »*«4'tt» e26-*-^*W«t-tix£Jli»(fU:- 

aEfc^-T ^v^BJJMSrttlii-f-SRJHIlIKi:, BfrlET-7-a 

{I^-Srtti^i-5il5SlHliS§i:, S(rlBiBiilellSdSffi*-f«fll 
■9-o««*«*SriMrEPIJII!lillS^lil*-*"SliiEffitBfi-S- 

«*SrHS5*7- P ^lE^-r & iS34^- y ^&m®&k , 
WISKiS7- y 3i«*|l||5!js"Hi*-r5«-§-S:iljgtt«-r 

y Tteo^-obnfM-S— StftWIsII&i: , 
MfE— Sfc»milllSOinJlfe*SrT ! 'i!>feJ&*:BMItt4: Jfctfe 

lai^ffliHisssry-fes/ h-f-2>fc*t>wyiry hft-§-Srm^i- 
[0024] r-T-n^-^^^^/bSBKngggfi, ^fgft 

SJ£ L*:flM3-«rm#-t-5. JBaSSttllEEIlSttiljEIIKSas 

-5§-*>£>, StffElRlSB[ll!g^l±iLfc*ig->^^^^ 5 ^ 

[0025] -mm?— y 3i^miHi?g}i7y— k-y>-*— ^ 
z>o iiattjftiHiisttJKa^-y^aEaiEiKistb^i-afB 
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co-aa^*»s 1 1 1>^, stria— aafSriWEa«fs* 

[0 0 2 6] JtttlHiigtt, — 8:ttU@jg<0j!roJMS*$:^- 

■CV^iV^-^icfJMIEISlffilHlgSSry -fey h-f-^fcfecoy 
■fey HMHSrta*-t-5 0 JtttlHlS».*!UJ*-f « y-fe.j/ h« 

[0 0 2 7] W*«5tt, ||*94«OFDMiiIsl!S 

20 i»sa»2©»ft¥*siHitt3S*tay3-*-a«-8-fci-at<Jv^» 

[0 0 2 8] ifHIsJggtt. gffff^-cDli^Srtf^-f-^,, 

» 1 ©anbsp*&iHiiStt^ iwriBi*iHiis*sm*-f-«fli-§-o 

gmm^- 1 mwMm^m^ ± -o r jg® s nfcsft ft 1 

[0029] ^iS^Hit^iHlsStt, tMftft 2 co^tb¥ 
40 J«llslttJ»sa*i-5«^■^c«<5^^rgft(i*©ffl««■s* 

m^-rs, i»iBjt«Eiisoa*i-<5 y-fey Kt*tt, m 

[0 0 3 0] 

50 &&VOFDM«i»0K<O3Stfe©7gf|gt:01~7{d^ 
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"C&So BI3ttr.O^«i<OOFDMaillHlgSS:^i-^n 

y^H-C&ao H6f±rOJgffi<750FDMffifHlHlK^>ffi' 
^rOfJ S ^^^7^94 J*f-\— ht**5o H7tt|R 

[0 0 3 1] r OJBIS-Ctt, B*S l OHfflfflftfStJt 10 

Sff*- M y^w<;uG I l:#St5o 

gglO, S SftJPSKl 2, ijfrF F T@Sg 1 3, Gljf 
AGUES l 4 Xt^D/ ASBKIEIK i 5 5 0 

tt, nfflgift, iSSESSS, J^lfiifi:«iE[HlgS, #-K>fy 20 

0S82O, BJ»EiaS2-2 f -ai6111»2 l, iliSSfcMjElEl 
SS2 3, GI|»*IhIK2 4, FFT0S&2 5, igjig^S 

[hiss 2 e, —stamina 2 7&wfcisnia_2 sicaws-r 

[0 0 3 3] »jft«5<Da*IIW5, * 1 

iX^Xgffe[ElS§3 0, S?1^»¥#I[h]SS3 3, 3BKISI& 30 
3 2, tttt@teft#!ttJ[Hl&3 1, ^2^«j^lHlSS3 
4, *>f $>^«HJ[g&3 5&tWStt^ft«Jin§IS&3 

[0034] mi i-^-ro f DMsEwiiia^a&ftfs-s-i: 

■L"C^-r S O F DM««-2ttWg 3 |:/T.tO.F DMSi 
0RKS««ti LTX*Stt5OFDMf|f(0/<-^ 

K (UW) tt^*tLTV^V\ s<— Xh<D 

9cW^ti, hv y^-^>G 1 1 - h ^y*^ 40 

S S t^2I3jtt95Sf ± 5l-EB£*iT^5 0 tfrKES 

[0035] rnbco^^— h v>v#;vs S<£>^{Cf3:, 
K-f y^w<;l/G I 4: 1 ^VtfOuOfiiST*— ^ D A 

O^EiH^— ^DATACDg^ii, l^"f *X1> 7— !i 
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[0 0 3 6] ei^X — ^ DAT AtOffi fdE« Sttfc^— 

d at A^^(ortti Pi— om-s-^s^ixa^-c, 1 O 

^yKOe^^— ^ D A TA^tK "COSSffl T0T1J, 

So 

[0 0 3 7] EIlfc*^OFDM^BB[II»H:, HWl??-©- 

-fkiggSio, ss^^eyiaKii, s sf+jpsai 2, 

9FFT0SS13, G I if ASK 1 4^tKD/A^miEl 
Si 5Tii/££*l/r^£ 0 EIl{-^i-OFDM^p{HlS§ 

[3ti^ (Ich) irifcfc/S^ (Qch) t 
[0 0 3 8] S S^^ty [HISS 1 1 f£|E«£*LTV^;*^ 
Bl O^RliPSixSo HtlJ^F^b^n/c^— ^DATA 

cDtfj^^, ss^^yiaKi u^R*usnfc2oo 

h->^2R/vssasssttJDEKl 2(c±oX^»9 

^k^ttfc^-^DATAtT'lgj^^tb^m^^ i£F 
F T0K 1 3 i-A^7 S*iTiK*S:7— y ^ffiifcSixSo 
SSfrFFTlHlKl 3^e>ffl*$n5fS-S-{Ctt % G I}f A0 

[0 0 3 9] G I if ASK 1 4^&m^J$tt5«#tt, 
D/A&jftElg&l 5T7tP^(^$^ 3S«« 
-S-i: LTtii^$tl5o BI3(^i-OFDMSIB|gatt, 
A/DM0S2O, iBKEIBS2 1 f HXUIII&2 2, ft 
&I&MIEII12S2 3, Gm»2 4, FFT0K2 
5, »IE&ftlElK2 6, -S^tia[HlSg2 7^I>*itK[HlSg 
2 8 T'M$tiXV^^ 0 

[0 0 4 0] Bl 3 (OTtO F DMfflBBIilKf-A* StbS 
§:{f ft ^U^COO FDMflS^^ft 5 ft -^tt. f^+@ 
^£55- (Ich) tiffS/S^ (Qch) i:C02o<^fl^-x* 

[hISS 2 Otf^^^/WI^I^ti, ilj^[£lSS2 1R 
VWlM\s\K2 2fcA*$tt^ 0 

[0 0 4 1] [3^[E)SS2 2|C*31^Ttt, Smff^-CQ^— 
^ h<05feSB-rftfflTss-Cj»5igL3S*tS^* — h v-V/K 

hC05t5H{iStOFDM«I^[HlSS^^>f 
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[0042] mm<Dmm\B\m2 Eu^f «k 5 
is:, gft[ug§3 0, ffiffiigiEft«iaigK3 i, @^[eis§ 

3 2 , ■» 1 »»sp^igg8 3 3 , $2&tt¥J$lsI&3 4, 
^-f 5^^*ffiHIK3 5&tWfflft^^*jeiEn»3 6f 

m«*«>e*Sr-W-»Lr«»«*^*#*S:*«>5 0 ft 

i^»¥^[eis&3 3tt, e*iaj«3 oasm^-rafli-s-co 

[0 0 4 3] {SffitEie^^tBlE]gS3 1(3. A;££*L6g 
«(S*fc-tixSriBi£lHlB6 3 2 t?5SffiL*:« *fc fc*-^ 
Tfet@[£lte^$rff^:i-^o *2»Bsp*&|gg8 3 4M:, ffi 

3 0 *W 3^8kffiElg6 3 5tt. ft l &tt?ftgilil« 3 3 
«sffl*"t-5«*t»2»»sp«&EH»3 4*ffl*-r5«-S- 

&ftK£J££lfilK 3 6U, ft 2 ^tb^IUSg 3 4 395ffl* 

[0 0 4 4] ?ft5H3Sr#BHL-CRM€r«*tSo ^0 
BS2ltt. |g)»[EH&2 2^JStt«flB6J:**f 

2 3(1 ra»l!IB2 2*s«kULfc««WS*-»J*:-t-S 

[0 0 4 5] J«&grtfjE[Il& 2 3 -ca«»0«iES**b*: 
gffff-^-fi, G I miz\m&2 4K*5VVC\ |lr]JfilH]£&2 2 

X<DJf— K>f y^wN>G I Oj*5>dSBft*Stt5 0 G I 
Bfe*ISK2 4^6>tli*S<xS{t-S-«:, FFTH82 5IC 
A*$*tTi«jS7— y^lfeStbSo FFT0S2 5#' 

a*-f-s«#tt, ^*^yrs^ii3s»jftiggs2 e\z. 
[o o 4 6] iBi£ttsigBS2 6^mA-rs«*tt, mn 

tt, «^DifcLT— Sfc»HBII]»2 7{^^^ 0 H 
BRlcfi, -»«fefflHIK2 7|cA**n*«*DiH: % JB 
mtk$i\m&2 6dSffi*'f--5«-S-<0 5*>. PltBj*^ ( I c 
hO»») Xt/Ittft^ (QchG>«#) co*±{itf2/ 
h (MSB) -C&S 0 — a«ltblHlgS2 TtO^ffMft*^; 

[0 0 4 7] gfSfS-S-o^— * h5tS^^- 
-r^xf^i:ffiic&£ 0 tr-e, — a«tmagS2 7ttii« 

[0 0 4 8] EI5^*5t>TO:, &mtB& (0, 0)4 2 
So rO»UB"Ctt, «3Si»«EigiS2 6<Dffl*fctt4 8 0 

IT:/** y TO« ^S#jW*MTJK&te«naG>T. 
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(Dttitl^P 1-P4 8CI4 S<D1t-7**!)T<DiB&j£ 
ft Ich, Qch.<^2tfsyh) Sr-^n^i^ 9 ffi 

[0 0 4 9] 4 8fiO»teWlfeffifn|HlgS (Ex nor) 

4 3 (1)~4 3 (48) tt, 

■^I^OV^r— S&*-r«»*tH*i-So 4 8 
ffl<0#M&Mln8ft[II&4 3 (l) — 4 3 (48)^ffiv^-T^W 

^-o^p^ap^[his&4 4-cfm^n, •eOJfeSdSfS-S-D 

2 £ LTffi^J^tb^o 

io [0 0 5 0] EI 3 (^to f DMlgll[n]Egt-*^TH 
— &l£Hi[Hlg&2 7*sffi*^-5fi-S-D 2^M:«?tEl?S2 8{21 
A^J^o JtttlHlK2 8tt, «-g-D 2 Sr^ft^fe/c^ 
fttD3tite?i-5o (S-S-D 2 <Z>ffi)&SflHi£D 3 <D 

Lt y t y hfifR s TS:llJ*t5. £*>y 
■fes>H&-§-BU I^I»lHlSg2 2\Z.?4 5^^HJIh1K3 5 

[0 0 5 1] mm®&2 2fi v y-fe hff^-RSTia 

g««**v^* H^*n5#^— ^ (dat 

A) 6Dffi*S:X.l, X2, X3, X4, X5t*LT*) 
i-tty-fey HlfRSTtf7^f>f^45 0 

[0052] m3ic^oFVMmm\m&tv£mm<Do 

30 FDM^HlggfCOV^ ^ 5 ^^H»lC0»*ajflM5 
[0 0 5 3] 

[■*W<OS!l*] «i(00 F DM^l^ ft^t^O F DM 
9 5S L«-AP $tt5 ^SO^ * — h S S hm KJf 

5 (D^ 9 3g L/Sffl Tss^r- ^ D A T A cOffl^CT)^ 9 Jg 

40 Lmm (Tw) ±9 t^:#<-r^ri:fcj:9, **—y 

^ D A T AOffiJgc CQff 9 iS Lid ± 6 T w J^JJJCOfB 

[0 0 5 4] *fc*«K^O F DM«HJi£JKJfO F D 

Mawigns^tt, sftff^-ic^^tt^^o-y-^^f^y 

50 Sr^^S^/c^ffltJt^-r^r fc^i 5, ^-fSV^IBI 
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1 4 


G I if 




1 5 


D/A^&[H]gg 
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